e have studied prospectively the outcome of wound discharge in patients after arthroplasty of the hip and knee. Over a period of 3.5 years 530 primary arthroplasties were carried out in one hospital. Postoperative wound infections developed in 82. At a mean follow-up of two years a comparison was made between these patients and 82 with healthy wounds, in terms of symptoms and signs of deep infection.
Deep prosthetic infection is generally classified as early, delayed or late. The microbial source can be grouped as: 1 1) Direct contact with the wound or air-borne colonisation during the procedure. This leads to early infection, within three months of operation, or delayed infection within the first year.
2) Blood-borne contamination during or after the procedure, for example during insertion of a urinary catheter, infection of an intravenous cannula or skin or dental sepsis. This type of contamination is the common cause of late infection more than one year after operation and can occur after many years.
3) The spread of a superficial wound infection deep to the fascia lata leading to periprosthetic infection.
The timing of the colonisation of the implant, the virulence and numbers of organisms and the immunological response of the patients vary. A combination of these factors will determine whether an acute purulent infection presents within a few weeks of operation or whether a chronic delayed infection develops months or years later.
The main problems are distinguishing infection from inflammation of a wound and defining the severity of wound infection, which varies from superficial non-virulent to deep-seated virulent.
There is no universally accepted scoring system for wounds, although the ASEPSIS score has its advocates in general surgery. 2, 3 A clinical definition of wound infection is recommended by the Surgical Infection Study Group, 4 but a clinical score gives a higher audited rate of sepsis. 5 An acceptable scoring system, which is simple to use and reproducible, is difficult to find. For detection of signs of deep or periprosthetic infection the use of an indium-labelled-leucocyte scan is superior to the sequential technetium-gallium white-cell scan. 6 This investigation is, however, not indicated for all cases of wound infection. Isotope scanning has been reported as sensitive but non-specific in regard to diagnosing deep infection, 7 but the sensitivity is dependent on the activity of the infection. The Tc-hexamethylpropylene-amine oxime white-cell scan is more sensitive (50%) in detecting definitive deep infection than the indium-labelled scan (37%). 8 The laboratory blood tests which are helpful in diagnosing deep infection are the ESR, the level of Creactive protein (CRP) and the differential white cell count (WCC). In a review of a number of studies of septic total arthroplasties, 84% to 100% had a raised ESR and in 79% of these the ESR was over 50 mm/hr. 9 In another review of 52 septic hips, just over 50% had an ESR over 40 mm/hr. 10 ESR readings are variable, however, and are not as reliable as the levels of CRP in differentiating between septic and non-septic loosening. 11 The ESR peaks at the seventh day and returns to normal three to six months after total hip arthroplasty. 12 The CRP returns to normal after just three weeks; elevation beyond this indicates possible infection.
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The incidence of superficial wound infection moving deeper is difficult to quantify. The presence of a haematoma may allow bacteria to spread through the tissue planes, but in its absence the possibility of a superficial wound infection spreading through the soft-tissue layers and fascial planes would appear to be less likely in the hip than in the knee because of the difference in soft-tissue cover.
14 Subsequent late deep infection is likely to be caused by unrelated haematogenous spread rather than by previous wound infection, although this is difficult to prove without isolating and subtyping the organisms. Superinfection, multiorganism infection and difficulty in isolating organisms in chronic infection confound the issue. We have prospectively studied postoperative wounds after primary arthroplasty of the hip and knee in order to detect early and delayed problems resulting from wound complications and, in particular, any signs of subsequent deep infection.
Patients and Methods
A wound proforma was completed for all patients who had a primary hip or knee arthroplasty over a period of three years. The procedures were carried out by four surgeons. A cemented Charnley prosthesis (DePuy, Leeds, UK) was invariably used for the hip and an uncemented LCS for the knee.
Routine intravenous antibiotic prophylaxis with cefuroxime (1.5 g) was given at induction and three times after surgery. Prophylaxis for deep-vein thrombosis in the patients having hip arthroplasty consisted of enoxaparin (Clexane, 40 mg) given before operation and followed by a five-day course. The patients having an arthroplasty of the knee received only the five-day postoperative course.
The wounds were inspected by the infection control nurse or one of the doctors on the first, second and fifth days after operation and on discharge, usually between 10 and 14 days after surgery. Abnormal wounds were inspected and documented more regularly. A note was made of the discharge, signs of inflammation and formation of a haematoma. For all wounds bacteriological swabs were taken, the unhealthy wounds having multiple swabs.
We used a wound-scoring system: grade 0, dry noninflamed healthy wounds; grade 1, non-inflamed wounds with a sterile serous or haemoserous discharge; grades 2 and 3, 'wound infection' with bacterial growth and varying degrees of inflammation or formation of haematoma; grade 4, obvious acute deep implant infections which were associated with deep pus formation and later wound breakdown (Table I) . Wound infections were managed according to the microbiological report of growth and sensitivity, but precedence was given to the clinical appearance of the wound rather than to a positive swab result.
All patients were reviewed at six weeks, three months, six months and one year and then annually.
At review, the Harris Hip score (HHS) 15 or the Knee Society Total Knee score (KSS) were measured, 16 radiological examination carried out and the ESR, CRP and WCC determined. Radiological scoring for the hip involved the measurement of the width of periprosthetic radiolucencies and osteolysis in Gruen's zones. 17 Any difference between the radiograph at follow-up and that taken immediately after operation was noted. A similar comparison was made with the radiographs using the Knee Society Total Knee Arthroplasty Roentgenographic Evaluation score system. 18 Of the 448 patients with a healthy wound, 82 were matched with 82 patients with problems with their wounds. Matching was on the basis of age, gender, medical status and the presence or absence of rheumatoid arthritis. The patients were grouped into age ranges of five years and their medical status classified as healthy, minor medical problems and medical conditions which increase the risk of wound infection (e.g., rheumatoid arthritis, diabetes, gross obesity, steroids). Patients with bilateral arthroplasties or unilateral joint replacements with contralateral arthritis were matched as closely as possible. Statistical analysis. This was performed by the medical Statistics Department at Manchester University. Data were analysed overall (hip and knee groups), and for the hip and knee groups only. An independent Student t-test was used to analyse differences in the ESR, CRP, WCC, clinical 
Results
Of the 530 arthroplasties (229 knee and 301 hip), 82 had wound problems. At follow-up two patients with wound infections had died from unrelated causes. Five other patients were not contactable or lived too far away to come to the clinic. Their matched patients were also excluded from the study. The wounds were classified according to the scoring system in Table I . There were six deep wound infections with copious purulent discharge which presented within three weeks of operation. Four were in the hip and two in the knee and all required open drainage and irrigation of the wound. Removal of the prosthesis was necessary in two patients. Staphylococcus aureus was isolated in two cases of hip infection and mixed microbes including coagulase-negative staphylococcus, staphylococcus, diphtheroids and anaerobic cocci in the other four. These were primary 'early' deep infections, more likely caused by operative contamination rather than by primary wound infections travelling deeper, and were excluded from the matched comparison. There were 156 (68%) clean knee and 183 (60.8%) clean hip wounds and 47 (21%) grade-1 knee and 62 (21%) grade-1 hip wounds. Wound infections of varying degrees (grades 2 to 4) accounted for 26 (11.3%) of the knee and 56 (18.6%) of the hip wounds (Table II) . The micro-organisms isolated from the wounds are listed in Table III . Coagulase-negative staphylococcus was the main microbe isolated in half of the cases while Staphylococcus aureus was found in 30%. The latter was, however, predominant in 43% of the more serious infections (grade 3 and grade 4) and present only in 16% of the grade-2 infections. Coagulase-negative staphylococcus made up 60% of the grade-2 infections and 41% of the grade-3 and grade-4 infections (grade-4 infections were included in Tables II to IV, but excluded from Table V) . After discharge some wounds (3 knees and 1 hip) continued to discharge through sinuses for up to three to four months, but all eventually settled down on treatment with oral antibiotics and dressings. There was a statistical difference between the group with problems with their wounds and the control group in terms of the overall clinical scores for pain and function with the former faring worse (t = 2.09; p = 0.04). There was a gradual deterioration in the clinical knee scores from excellent (85 to 100) to good (70 to 84) as the wounds became more inflamed (Table IV) . There was no statistical difference between groups in terms of the ESR, CRP, WCC and radiological results (Table V) . There was a difference in the mean hospital stay; in the group with wound infections the stay was 19 days compared with 14.6 for the control group. In financial terms, this cost the hospital an extra £1800 per patient, including antibiotics.
Discussion
The significance of wound infections in patients with arthroplasties is much debated. The risk of a superficial wound infection tracking inwards to cause a deep infection (total infected = 82 including six early deep infections; 76 to be followed up, but seven lost to follow-up) and prosthetic failure is difficult to predict. Early wound infection in a mixed orthopaedic population, as defined by the Surgical Infection Study Group, has been found to be a poor predictor of ongoing problems and deep sepsis at one year.
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Early deep infection in hip prostheses is often associated with a draining haematoma. 20, 21 Hips with a discharging postoperative wound carried a 3.2 times higher risk of developing late deep infection than those which healed uneventfully. 20 Canner et al, 10 in a review of 52 infected hips, found that 42% had previous wound complications. Lidwell 19 in a multicentre prospective study of more than 8000 joint replacements found that of 37 wound infections from which Staphylococcus aureus had been isolated, the same organism was grown later from 11 subsequent deep infections. The incidence of subsequent deep sepsis associated with major wound sepsis was 30%.
In joints with a suspicion of wound sepsis the incidence of deep infection was 3%. Joints with no wound problems had a rate of subsequent deep infection of 0.7%. Bengtson and Knutson 22 found that deep infection developed in 23% of knee replacements with complications of postoperative wound healing. Johnson and Bannister, 23 in another followup of knee replacements, noted a similar percentage of wound problems leading to deep infection. They also found that in rheumatoid patients over 40% of superficial knee infections progressed to deep infection. Differentiation between wound inflammation, superficial infection and deep infection may be difficult. Local inflammation around the sutures in a wound which heals within three weeks is likely to be a superficial infection. On the other hand, an erythematous, indurated wound with persistent and copious drainage is more suggestive of a deep infection. 24 Grading wound complications is difficult, in particular the diagnosis of definite wound infection. Lidwell et al 19 divided the wounds into four grades; no evidence of sepsis, possible wound sepsis, minor wound sepsis and major wound sepsis. This was on the basis of the following signs; abnormal redness, a gaping wound, formation of a sinus, haematoma, discharge with or without polymorphs, formation of an abscess, pyrexia, raised ESR beyond eight days and isolation of bacteria. Various other authors have defined wound infection as an inflamed wound with positive bacterial growth. 20 The relatively high rate of wound infection of 15.3% in our series may be partially accounted for by our grading system which included some borderline wounds which had a significant bacterial growth with little inflammation. This was balanced to some extent by the inclusion of inflamed sterile wounds. Another factor of concern and debate in arthroplasty is the effect of low-molecular-weight heparins (LMWHs) commonly used for prophylaxis of deep-vein thrombosis. The so-called 'clexane knee' is a fairly recent entity, and therefore the risk of infection is unknown or at least not substantially defined in the literature. There is little known about the wound problems caused by LMWH. A recent questionnaire study of hip and knee surgeons found that 48% of surgeons had stopped using LMWHs because of bruising, ooze, bleeding problems and formation of haematoma. The knee surgeons were more sceptical than the hip surgeons. 25 In another UK questionnaire, 80% of orthopaedic surgeons reported using anticoagulant prophylaxis, usually LMWHs. 26 Bleeding and wound complications are more common with conventional unfractionated heparin than with LMWH. 27, 28 The question as to whether clexane and other LMWHs increase the likelihood of wound infection is not answered by this study since all patients received prophylaxis. The low incidence of the formation of wound haematoma, with only four cases, suggests that although LMWHs may increase the haemoserous ooze, they do not appear to cause frank bleeding and formation of haematoma. The operations in our study were not carried out in a theatre with a laminar flow system, which may account for the rate of deep infection of 1.2%. Such a system has now been installed and the rates of both deep and superficial infection have decreased substantially.
We excluded the six acute deep infections from the matched comparison since it was assumed that these represented intra- operative contamination and subsequent infections of the prosthesis as opposed to primary wound infections. Our findings suggest that patients with early postoperative wound infection in the hip and knee have worse clinical outcome scores in terms of pain and function in the early to medium postoperative period, but do not show a greater incidence of revision for deep infection. The difference is more significant in cases of knee replacement. A study with a larger matched population followed up over a longer period should help to show any causal relationship between early wound infection and delayed deep infection.
